Abstract. Unexplained, generalized lymphadenopathy in homosexual men, which can be a prodrome to the acquired immunodeficiency syndrome, is associated with impaired cell-mediated immunity, a low ratio of T helper-inducer to T suppressor-cytotoxic cells (defined by the T4 and T8 monoclonal antibodies), and hypergammaglobulinemia. We performed double-marker studies on T cells by using a panel of monoclonal antibodies (Ia, T 17, TQ 1, and Leu-8), which reportedly detect activation or functional subsets of the T4 and T8 T cell populations.
Introduction
The acquired immunodeficiency syndrome (AIDS)' is an acquired and profound defect in cellular immune function, with susceptibility to life-threatening, opportunistic infections and/ or malignancy (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . AIDS was first recognized in the homosexual community and subsequently has involved intravenous drug abusers, Haitians, hemophiliacs, and other recipients of blood products (1-6, 9, 10) .
A progressive lymphopenia associated with a loss of cellmediated immune functions occurs. Particularly affected are those functions mediated by T lymphocytes, such as delayedtype hypersensitivity, proliferative responses to mitogens and recall antigens, alloreactivity, and cytotoxicity (1) (2) (3) (9) (10) (11) (12) . Alterations in the distribution ofcertain subpopulations ofT cells, as defined by monoclonal antibodies, accompany the defect. The hallmark, or at least a most consistent finding, has been a depression in the ratio of T helper-inducer cells (defined by T4 or Leu-3 monoclonal antibodies) to T suppressor-cytotoxic cells (defined by T8 or Leu-2 monoclonal antibodies) ('-3, 7-12) .
A paradox arises in attempting to correlate cell surface phenotype with either cell function or in vivo observations. One function of the helper-inducer population is to stimulate B cell proliferation and differentiation into immunoglobulin-producing cells (13) (14) (15) ). Yet, despite the profound depression in T4 or Leu-3 T cells, immunoglobulin levels in these patients are normal or elevated (1, 2, (7) (8) (9) (10) . One explanation is that the defect involves a subset of T cells within the T helper-inducer population that is not directly involved in the helper function for B cells. Another possibility is that the remaining T cells somehow compensate for their numerical deficiency through excessive activation or proliferation.
Two monoclonal antibodies which detect the T cell antigens, TQ1 and Leu-8, define subpopulations of T helper-inducer cells. TQI-negative or Leu-8-negative cells within the T helper-inducer population are primarily involved in the helper function for B cells (16, 17) . Another marker, T17, is found on almost all peripheral T cells but is lost, after activation, by a subset of T cells involved in the helper function (18) . Two additional markers, T9 and Ia, are not normally found on peripheral T cells but may become expressed with proliferation or after activation (18) (19) (20) (21) (22) . We selected this panel of monoclonal antibodies to determine the distribution of markers within the T4 (helperinducer) and T8 (suppressor-cytotoxic) T cell sets. These studies were performed on homosexual men presenting with generalized lymphadenopathy of unknown cause, the idiopathic lymphadenopathy syndrome (ILS). ILS can be a prodromal syndrome to AIDS (7, 12, 23 , and Centers for Disease Control, AIDS Task Force, unpublished data), though it remains to be determined what percent actually go on to develop AIDS. We studied ILS rather than AIDS per se for three reasons: ILS patients have inverted T4/T8 ratios but are generally not lymphopenic and would yield enough lymphocytes from a reasonable amount of blood for the studies we envisioned; they do not have supervening opportunistic infections, which might complicate the interpretation of results; and, since this may be the earliest recognizable form of AIDS, we felt that any abnormalities found would more likely reflect proximate rather than secondary defects.
Methods
Patients. 13 patients with ILS were selected from a group of 50 ILS patients being monitored in Atlanta. The patients were homosexual or bisexual men with generalized lymphadenopathy of at least 3-mo duration, often with symptoms offever, fatigue, and weight loss. Extensive evaluation, including lymph node biopsy, failed to reveal a known cause of the lymphadenopathy. None of the patients had any evidence of opportunistic infection at the time of study. In addition to a willingness to participate and be available for repeated testing if necessary, we used two criteria for selection: the patient must have an inverted T4/T8 ratio < 1.0 and must not be lymphopenic. These criteria were commonly found in the group of 50 ILS patients: T4/T8 ratios < 1.0 were found in 66% and lymphocyte counts > 1000 mm-3 were present in 94%. T4 and T8 marker studies were done two times for all donors and three times for about half: once in the initial screening for selecting of ILS patients for the study, and once or twice more depending on whether the phenotyping was done entirely on fresh cells or partially on fresh cells and partially on cryopreserved cells. The between-run variation on fresh and cryopreserved cells was no greater than the between-run variation on cryopreserved cells tested on two occasions (3.6% for T4 and 2.9% for T8). Only one data point for each participant involving the T4 and T8 markers was used in statistical analysis, and the statistical results were equivalent regardless of which data set was used.
For each test, a minimum of 10 data points from the ILS and from the control group were used for statistical analysis. Three of the 13 ILS patients were not recalled for studies on fresh cells involving the TQI and Leu-8 markers: one developed Pneumocystis carinii pneumonia, one developed lymphoma, and one was taking steroids for atopic dermatitis at the time of recall. Computer-assisted statistical analysis of variance between groups used the Wilcoxon rank-sum test.
Monoclonal antibodies andfluorescence-activated cell sorter (FACS) analysis. The following murine monoclonal antibodies were used: a-T4, a-T8, a-T3, a-T6, (OKT4, OKT8, OKT3, OKT6) (Ortho Pharmaceutical Corp., Raritan, NJ); a-T I 1, a-Mo2, a-B I (Coulter Corp., Hialeah, FL); a-Leu-8, a-Ia (a-HLA-DR, nonpolymorphic) (BectonDickinson & Co., Sunnyvale, CA); a-TQI (16) , and a-T17 (18) . All reagents were pretitered (regardless of manufacturer's suggested dilution) by using normal lymphocytes to determine optimal conditions for binding.
The binding of monoclonal antibodies to lymphocytes was analyzed by indirect immunofluorescence using a fluorescence-activated cell sorter (FACS-IV, Becton-Dickinson & Co. This method is subject to all the experimental constraints imposed in single marker studies (specificity and optimal titration of reagents, background staining, FACS variation, and accuracy). Two additional constraints pertain. One is that the use of combined antibodies must accurately detect the sum of cells positive for one, the other, and both markers. Steric hindrance between two antibodies binding to separate antigens on the same cell can occur and is not an uncommon problem when examining single cells for dual markers. The obligate overlap calculation remains valid, however, even if there is interference between the two antibodies, as long as the cell remains fluorescence-positive by virtue of one of the antibodies. Only if binding of two different antibodies somehow renders the cell antibody-negative are the calculations invalid. This seems remote, but it is formally possible that some mechanism such as excessive cocapping and shedding might render double-marked cells negative. This does not occur under the conditions we used, or at least we have ruled out interference of a-T4 and a-T8 binding by the Ia, T1 7, Leu-8, or TQ1 reagents. T4 or T8 reagents which were directly conjugated with fluorescein gave the same percent positivity whether incubated with or without unlabeled Ia, T17, Leu-8, or TQ1 reagents and unlabeled a-mouse immunoglobulin. The second constraint is that it is theoretically possible that cells giving a low level of fluorescence when stained with individual reagents might cross the cut-off threshold and be registered as positive when doubly stained. With all our reagents, only a small proportion of the cells hovered around the cut-off point. Because of the problem with T4-positive monocytes alluded to above, we set our cut-off well above the peak of fluorescence-negative cells. Compared with individually stained preparations, there were no shifts of the fluorescence-negative peak in doubly stained preparations such that a portion or "shoulder" of the peak crossed the cut-off; nor was there any measurable increment in the number of fluorescence-positive cells just above the cut-off. This is not to say that the phenomenon does not occur, but if it does, it cannot involve >2% of the cells.
The first calculation formula for each subset in Table I uses data obtained by using the two pertinent marker antibodies. The alternative calculation formulae which follow use data generated by using three markers (T4, T8, and either la, T17, Leu-8, or TQ1) and served as a validity check on the first calculation. To be valid, formulae involving t Normal values for our laboratory are given as means and 95% confidence intervals.
three markers are based on the assumption that the T4 and T8 T-cell populations are mutually exclusive; i.e., combined staining with a-T4 and a-T8 equals the sum of staining with each reagent separately. In these experiments, these measurements differed from each other by an average of 2.2%. Data reported here use the first set of calculations, but the results and statistical analyses are essentially the same with all the modes of calculation.
In vitro assays of lymphocyte function. The pokeweed mitogen (PWM) culture system for the induction of immunoglobulin production as described by Rodriguez et al. (26) (10) .
Results
The initial laboratory observations for patients with ILS who were alluded to in the introduction are presented in Table II .
The ILS patients that we studied have normal lymphocyte counts, depressed T helper-inducer/T suppressor-cytotoxic cell ratios, and normal (or supernormal) immunoglobulin levels (Table II) . Moreover, total T cell, monocyte, and B cell numbers are normal as assessed by monoclonal antibodies specific for these populations (T3, T 11, Mo2, and B 1) ( Table III will be discussed in the context of their distribution within the T4 and T8 T cell sets. T4 T cell subsets. Table IV presents data on the distribution of the Ia, T17, TQ1, and Leu-8 phenotypes or subsets within the T4 T cell set. Portions of this data are presented graphically in Fig. 1 The PWM-induced production of immunoglobulin by ILS generated for each group. Control cultures generated 133±34% lymphocytes, as compared with control lymphocytes, is shown of the expected response, whereas ILS patients' cells, when coin Fig. 2 . Both the observation of normal immunoglobulin levels cultured with normal cells, generated 74±43% of the expected in ILS (Table II) and the demonstration of normal numbers of response (P < 0.01). Depletion ofmonocytes by plastic adherence T4 T cells with the helper phenotype (Table IV) would support before co-culture with normal cells did not change the results. the prediction that PWM-induced immunoglobulin production
In the second type of experiment, we eliminated T cells in ILS patients would be normal. Clearly, it was not (Fig. 2) . with the suppressor phenotype (T8V T cells) to determine whether The next series of experiments were designed to determine this would restore PWM responses to normal. We separated T cells, whereas seven of eight control B cells responded (Table  VII) . These experiments were also performed with whole separated T cells (rather than a-T8 + C-treated T cells) with the same response. In the separation procedure we used, monocytes sort with the B cell preparation. In this study, we have addressed the latter issue. By using a select panel of monoclonal antibodies that define functional subsets within the T4 and T8 T cell sets, we find that the T4 T cell abnormality in ILS is due exclusively to a depression in a subset that, reportedly, is not primarily involved in helper function for B cells. Gatenby et al. (17) reported that the numerically minor Leu-8-T helper cell subset provides the majority of help for in vitro immunoglobulin production. Reinherz et al. (16) reported similar data for the T4:TQ1 -subset. We find the T4:TQ 1-and T4:Leu-8-subsets to be normally represented in ILS (Table IV, Fig. 1) . Depression of the T4:TQ I' or T4:Leu-8+ subset accounts entirely for the abnormality in T4 T cells in ILS. Though not the prominent helper subset, TQ1+ or Leu-8+ T4 T cells do contribute some helper effect for B cells (16, 17) . This may partially explain why PWM responses were subnormal in ILS (Fig. 2) . Other than having a minor helper effect and being the major T cell subset reactive in the autologous mixed lymphocyte reaction, the functions of the T4:TQ1+ or T4:Leu-8+ T cell subset have not been determined (16, 17) . The recent report by Gupta and Safai ( 11) of defective autologous mixed lymphocyte reaction reactivity in AIDS patients with Kaposi's sarcoma is consistent with our phenotype data. It has been presumed by others that the T4:TQ 1 + or T4:Leu-8+ subset subserves other T cell inducer functions in cell-mediated immunity including delayed-type hypersensitivity reactions and the induction of suppressor or cytotoxic T cells (16, 17) .
Although the TQ1 or Leu-8 marker defines a functional subset of peripheral T4 T cells in freshly-drawn, normal blood, it is not known how stable these markers are on the T4 T cell subset. It is possible that, after activation, these markers are lost and that the reduction in TQl+ or Leu-8' T4 T cells in ILS reflects a state of activation, rather than depletion of this subset. If so, we did not find concordance with several other markers of T cell activation. After activation, a portion of the T4 T helper cell population expresses the Ia antigen (21, 22) , and a portion loses the pan T cell marker, T 17 (18) . T helper cell activity is not confined to these subpopulations. Both Ia' and 1a-T4 subsets (and T17' and T 17-T4 subsets) are required for optimal help for B cells (18, 21) . Two ILS patients had relative increases in T4:Ia+ cells. These same patients had the greatest numbers of T4:T17-T cells. However, we found no evidence that ILS patients, as a group, had increased numbers of Ia' or T 1 7-T4 T cells (Table IV, Fig. 1 It is not yet known whether the activated feedback suppressor inducers described with a-Ia and a-T 17 reagents belong to the T4:TQ1+ (or T4:Leu-8+) subset, though it seems likely. (The TQ1 marker was named TQ1 by analogy to the Qal antigen, which defines a feedback suppressor inducer subset in the mouse [16, 36, 37] ).
The relevance of abnormalities in T8 T cell phenotypic subsets is unclear because, for the most part, the functional role of these subsets has not been determined. Both T8:Ia+ and T8:Ia-T cells were elevated in ILS (Table V, Fig. 1 ). The elevation in T8:Ia+ T cells accounts entirely for the overall increase in Ia' T cells in ILS (Tables III and V) (8) did study a single AIDS patient. They found increased suppressor activity, decreased T helper function, and though it was not emphasized, depressed B cell responsiveness in a PWM system (8) .
The interpretation of B cell incompetence presents a new irony. Why, if B cells are defective, are in vivo immunoglobulin levels normal or elevated? Bearing in mind that the interpretation of B cell incompetence is made in the context of how the B cells are assayed, the PWM system may not be relevant in all respects to what occurs in vivo. Though refractory to helper signals generated in the HLA-unrestricted, antigen-nonspecific PWM system, it is possible that ILS patients' B cells (or subpopulations of B cells) are otherwise activated or capable of activation. That is, they may be preactivated in vivo and refractory to additional triggering by PWM in vitro, or they may be responsive to other T-dependent pathways of activation or to direct T-independent polyclonal activators. We have found a greater rate of spontaneous immunoglobulin secretion in ILS than in controls. Thus, it seems quite possible that B cells may be already polyclonally activated in vivo (accounting for the hypergammaglobulinemia) and refractory to additional triggering by PWM. Infection with Epstein-Bar virus sets a precedence for this type of scenario: polyclonal activation of B cells, hypergammaglobulinemia, poor PWM responsiveness, and inverted T4/T8 ratios (38, 39). The only additional information on B cells that we have is that they are present in normal numbers in ILS (Table III) and that we found no differences between ILS and controls in TQ1 or Leu-8 markers on non-T lympho-cytes. TQ1 and Leu-8 are found on a small proportion of B cells (16, 17 Our original premise that the paradox of abnormally low T4/T8 ratios in the face of polyclonal hypergammaglobulinemia might be reconciled by analysis of helper subsets within the T4 T cell set appears to have been borne out by phenotypic analysis. The T4:TQ I -or T4:Leu-8-subset, which provides the majority of help for B cell responses, is normally represented, whereas the reciprocal population, T4:TQI+ or T4:Leu-8', which has only minor help-associated function, is depressed. Our functional assays, however, did not conform to expectations and suggest a much more complicated situation than phenotypic analysis would indicate. PWM-induced immunoglobulin responses were subnormal in ILS (Fig. 2) 
